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(54) OPTICAL ENCODER 
(57)jfiJ5stract: 

PURPOSE: To obtain an optical encoder which has a simple constitution, 
high light utiJizatfon efficiency and high resolution for a grating pitch and 
enable obtaining output signals with excellent accuracy. 
CONSTITUTION; The coherent light emitted from a light source 1 is made 
parallel light by the use of a colimate lens 2 and is then made incident on 
a fixed diffraction plate 3A perpendicular ly. The +1st order diffraction light 
1 1 having passed the fixed diffraction plate 3 A passes a moving diffraction 
plate 4A as a -1st order diffraction tight 21 and is converged on a 
photodetector 6 with a condenser lens 5 and the -1st order diffraction 
light 12 having passed the moving diffraction plate 3A passes a moving 
diffraction plate 4A as a +lst order diffraction light 22 and is converged on 
a photodetector 6 with a focus lens 5. If the ±1st order diffraction light 
21 and 22 interface each other, sine wave output having two times 
frequency of a sine wave obtained by the Interference between the 0th 
order diffraction light having passed the fixed diffraction plate 3A and the 
moving diffraction plate 4A and ±1st order diffraction light 21 and 22, 
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{54} mm<Dm'.i ^^^^>^-r 



(57) [^m] 

6t:«)fc$«x. ^S)ll*f1£3 A^jiiibfe- IJife^ilSf 

± 1 ?fe©Bl*f 2 1 . 2 2pl±AST^-rSfcs S^Htf 
A;5t^^SllielW«?4A*a3ibfcO*CDll]lT)fe2 0 

^iSSc^lbt 2fg©jl?g|gf§;St-5IEK^(±S^fi^*^» 




(2) 

1 

it® ^-a- him^^ ^ t- s m^m^mRxj^mmmmm 

d=(l/2) xAx (1 + 2 m) x (l/|n-no 
I) 

{fc7cUm=o. ±1, -s x=^mt^^mm^n^^ 
(Dmmm. no =m^mmmt^mmmmt(Dm(Dm<$. 
^m^nzmm(D^^^^y=i~^\ 20 

d=(l/2) xAx (i/|n-no I) -=-(1-2 

{fe7£L.m=o, ±1, x=^mii'^mm^ti^^ . 
©a#f*. no =mMmmmbmmmmmi^<omoim 

4 ] ±|3!l^il«T^RSt>°#«l)[ilifT«i±^ttH 

id.. 

d = Ax ( 1/ t n-nc I ) 
[0 0 0 1] 
[0 0 0 2] 
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2 

rci^-t9mB!im^^K>m.%mmzmxxmtiir^:ik:\z 
(o\cvj--k^^mt-^<t^i^s m^^(D9^mi.zi.r)^i^ 

[0 0 0 4] ^^^tagsA^^^Offi^fi-f-AsiaiT?^© 

[0 0 0 5] :)tige^3i>=i-<«?*tbTiis llSr^S 

^ U Bllf * ffl t ^ S T^*SSI^mS-5C > r3 - 

]WFlllff*E^3S3a @l#f J&tKT^t J: o T± b S T 

mm^if6^mm^x^m%m^izm^xm^m-t>b(DX' 

[0 0 0 6] c:©T«|^a3a;3i>3-<$*'tc 

*5l^Tii. ^I!jI5]#f^i:S'i:F|l^l]WI^*^ e>1«ll(®?^SSt® 

[0 0 0 7] Jij:^^?^^^^?:*:^;®!!!!?^^*^^^^ 

[0 0 0 8] ^*Ji]fff1S:5tKg^ll-Jfr«Saii 

t UT#jte.tfrv>i) (Optics and Laser Tec 

hnology,{1885)p89-95#0) <, 

[0 0 0 9] -^^T-. ^mcD^M^wjRv^^&mmmt 
m^m^mii(Dm(D^^^y:^mmv^Mhx^^\^fz{m 

^mmX'^^XolZir^tzib. 7 9 8 1 2 

jciB^^n. 1 ot^g^^1~J;^^^*^^5i:;^>:□- 



3 

-|-§ZiU^-M^>X3 2i:v ^-t U ;^ — M->X3 2 

^MM vtz^(DMmzM Lxm^mmi^R-^^^M ^ mm 

■?**-r?.S^Ilff«3 4jat)tHlfM^l!?ia*T*R3 6 h 

Sj® bfc«. EISlll*f« 3 4 1 (DmmWr^?^ 3 4 a * 

^2CDIl#flS-?3 6 a, 3 6 a, 3 6 a 13 J: T 

3 4b, 3 4 c^MM^-^. 3 ®[II#tI&-? 3 4 b , 
3 4 c{e:^3V^■r^M■r§ll*^:)fc^^■5■fe^ r3U;><-b 

■i.Jte*?fet^^tB^3 8 A, 3 8B{rj:-pT^tB1-S4>®T? 

[0 0 10] 

[0 0 1 1] Oifej&tF± life©lllW^^-r--<iTffl 

^.^5fcSi). #^^ti!^<3[)!l*f^t•ov^Tll«Ti^!J^**b<■r 

^ifSi:. b-^'^l/O^fiJffl^^fi (0. 2) = 0. 
0 0 8-r'&t>*.Bl§0. 0 1i:^i5^ 1%^<Z>^ML/*^^|J 

[0 0 12] fitiiiibfci-5 5c. iiJ^ic^T^S^ei^t 

t V^ ^ P-a-*) liI?l^tl5feV'.„ 

[0 0 13] ±t3fc:®i9^s ®^>5:fllfigT"fe t) 

> n -^^^tiWt-.5 1 1 195 1 -t S o 
[0 0 14] 

[»iffi&)§¥i*-ri.&4i)<?)*®] ±iB®istj&^«K-rsfe 

W1" i. iES^t:ffi±(-a- bi6 i. 4; ® ?> „ 

[0015] mi^mzm>^m. 1 ©^B^*^iibfc«f-?5^^® 

T-a-PSV^icTOiCiftSt 6>tvT45 !) 3= i: bT ± 1 ifeCH 
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4 

[0016] If 2 ©^BgJS, {4*a^i^*sMJiS«t:: 

^«bS.-:?lUii@i:®|§!lidJis d= (1/2) xAx 
(l + 2m) X (l/|n-no I) (fe/ebm=0, 

10 ±1, -V x=%mt>^^mm-^ti^^(D^M:, n==m& 

[0 0 17] if*I13©%0ms ffi*i^^^IE?S^S«t3 

III#flK:St5^DIi]WSi**ti-IEK^SJtt©ffili^^SWb 

20 = (1/2) XXX (1/1 n- no I ) ^ (1-2/ 
7t) (fc«bm=0, ±1, A=3fcil*>Ji>JB*r$n 

*^Ji4®iSlT*> no =H^0W*&t^Ki]Wfei:©M® 

-So 

[0 0 18] mmm^cDmmi^. mm^-^=Mmm^ 
izMm^tix^^^m-^i^isi^-^x. ^mmoMikt:^^^ 

mmx^^m^izf^^(DX':^^Xs mi^miz&s 

^iji?^«®ffiffi$&?**bT43?). mmm^<D=:Ptm 

H:, d = Ax (1/ln-no I) (.fcizhm^O, ± 

1, x=^mif'bmm^n^^<D'&^, n=iii^ii 
mm&v^^mmmm^mm-t^Mm<Dmmm. no =si 

[0 0 19] 

40 b-V>b3^fi®d*.itbT±l«te®Bllf?te®«^S»3@ 

^ s 14m? ^ « 1" ^ @^ 0 *T«StF8; » [g WIS s 

^ia^@IW«StJ*WilWffiS5l3Sb&± 1 4fe©lll«f3te 

tzt^izjfm^fi^jEWizMvx2i§0mmi^^i~ 

S 2 {SJW -a® lE^S? tB ±7 iSJi^^ ff § i ii *5 T- § § o 
[0 0 2 0] 2 ~ 4 ©afiKlc:^: D ^ effll&?365® 

50 m^m^mmmmm=?m^m 
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[0 0 2 1] 

[0 0 2 2] El 1 it:^mmom i mmmi^m^^^A:^ 
ED (^jte^-f^r— K) J;^)^£S3te^®^ 2{±3te^i*'?> 

[0 0 2 3] m^^fi^J^c:^^^^^^^>::3-<^*{3^5v^ 

;K3 A}cMbTl»&Sia©?5'lS|*^'&Alf^tv?)o H^iJilf 

AtA*rbfc5t-{±s SSailffSS At-Ji-cTHfr 
^fi, 0 ^fc®®}^:)^ 10,4-1 i*:cDIi]tri* 11, - 1 * 

©0*1^12, turmm^ti^o ztii^omm^ 

10, 11, 12H:, ^S&ll*f4R4AK:7^ltbfems $ 

6.tc[IIlT^tLTffiM$nSo CC^S!jlHl«TtI4A*e. 
[ilM^tifcia#f^<& (n, m) (©U nJiS^liilfi^ 
3 At«fc:S(iSf*m, m{i^l!jil#f^3B{c:g;SliIlff<^t 

mmt^MifT^tvxit. mzi^m-rxoiz, (o, 

0) ©ll^lf5te2o^ (+ 1 , - 1) cDiiif^2 Is (- 

1, +1) Ollff>fc2 2. (-2, +2) ©HW^fc, 

(+2, -2) ©I1«t3%, , if^^o TztiVmZiz 

Je^^Xit. ^^®iP-#±s (-2, +2) ®Bl#i-^s 

(+2, -2) (Dmm)^JSiV^2^comm^^^'b-&di<D 

[0 0 2 4] ^f!i[atffS4 A^^^6lfl$::^UTSifi:^|6l 
( EI 1 ^t>'lll 2 J' 43 s ±T :5 lai ) K — T-^f j $ 

0^*:®l]#fJfe©e£*|{c:Mbt:^^bf s©tf^ (+ 
1,-1) ©ElMJt 2 1 i: {- 1 , + 1 ) oiHl*Tift 2 2 

■rso (+ 1 , - 1) (om9fift2 It (0, 0) 

1 ) ©latfTte 2 2 h (0, 0 ) ©ESf^ 2 0 
J;i.^i?iS©^^4.^i!iEl#f*£4 A©^i&tc#oTll 
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[0 0 2 5] tz^x\ ^m^^comm^-^i-^^wm 

trig 4 A© til ©Hildas l©?SftAt^L 

Xs 

1 n-no I xd= {A/2) X (l + 2m) (1) 

(fflU m=0, ±1, ±2, --Cfe^J. nJiB^BJf 
m 3 A^tf^HjElM 4 A?fe1imi-i>«*^-©aif*, N 
o a;ll^ll#f«g3Ai;^it(!l]Sf«4 At©Pa©*^W®a 

10 ro 0 2 6 3 :i©m-&. OifcSrf±L^4^)t-r-Sfll^^jil©ia 

(D%=^^}V^~ (#'V4 0%@K) 5t)S^Pl3-ri.ci;J^^ 

mxt>h, ^^t^. m^^^. m^mmmzAmj^m 

[0 0 2 7] ±iB(l} ^C*3VNT, H^ll]#f«3AS0^ 
^9!?I1#t1S4AASS iOs ^KTa&S.J^'^{cnfili& 1 . 
4 6t::^^i?s 1 ^:)SH e -N e :*f:^ V -if "^fe^:®^ 
IzAf^e 3 3 nmi:t£!3v iS^iaWffiS A 
20 4 Ai:©P^©^Hd5^^®m^Kno i*li:;fe?.o 

liz, m^0i:U S^ll«flS3 A;50!^!l!ililtf*g4A© 
t&^H^P^^l 0 /zmiiL, 'J y^^^^-f — i: K^'-f 
:3i^i'f^><>'*©::&St J;^TM-f^bfeia^d;dsil&0. 6 8 
8 Amlffe?>5©i5M>K©ll^liST«3 ASy^i&iaiflR 
4A^ffiV^T^!^bfci^*{c:j:-S^:^ ± life©Il»Ti>fc© 
HWa^Ji^tX^tl. 3 7 ~ 4 0 %SJ^*5^ i^fi. OdKD 
il!fff^©^^5'ii2%WT. 3ife©[a^ff*©J5gc9'i±^n^ 

xj^^mmmm 4 A©{i*i«?^©^^®uj h#©B©it. 

30 (duty ratio) }i6 : 4i:^cTV>feo 

[0 0 2 8] (0, 0) ©ia^?r3te2 0{±. ( + 

1,-1) ©BWTte 2 1 ^V^i± (- 1 , + 1 ) ©Ellff^fe 

2 2 tr-mv. m^mmm ARxj^^mmmR4. A(Dm 

!3 jLOjg?f^«ie®LUt#tASi^i«Wp/2 7£itSV^ 
-rnfc t * tc 3fe5iiK*s«'J^i: JS: i. <fc ^ ^dtlE^^SJi^T- ^ 
(US (b) S:#a^) ©tB::^;*^?^ ^tiSo — 
yj. i-S)fcM&ti;»S (+1, - 1) ©11^^16 2 1 i: 
(-1, +1) ©lEl#f^2 2i:{im^^C^|$b^ ±I3S 
40 *^SlCMbT2^©)l^SISSWrSiE^^a:?)^S 2gP 
M« ms (b) ^#B^) ©ffi::^jA^^f HI 1 

J3*V^T. 2 3tt (0, +1) ©ll]#f>fe§^ 24(± 

(0, -1) ©Eiif^^s 2 5i± (+1. 0) omm^ 

<fe, 2 6}* (+1, +1) ©EIIf>fe^^tt-e^V5^bTV% 

[0 0 2 9] miilibfc2igjl^©^^^£*jffl 
bXiiijK©'^^^^^*!^^^:^!!^^;^-^^©^"^^, ^^1^ 

^ (2/1 0 0) ^ =4X 1 0-*T-fei>®fcMb. ( + 
50 1, - 1) ©il#r*2 ISV (" 1, + 1) ©ia*T3^2 



7 

ati^ti-eti (4 0/1 0 0) =0. let-fe^oHP 

^F^ScS^t-SJfc^^ffifiibfiV" (4x1 O-*) : 
(0. 1 6) = 2 X 1 0-^ : 0. 4 = 1 : 2 0T"$. 
t^eoTs 06 (a) Cg"xUfc**?gJ©(i-f-»U<, 
2fgM«a®^s-^JlfflUi {ctt^TjS^ (1/20) 
X 2 = 1/1 OK;^®g^)feV^, — ^iP-^^ft^^^iLT 
(+3, -3) (DMm^t (-3, + 

{±1 : 8~ 1 : 1 OflK'trfei.c ^fc. (+3,-3) 

omimt. (+1, -1) ©BifTtehA^^^Lfc^fc®^ 

StF (-3, +3) ©la^^ti: (-1, +1) Elff 

©2SJl«®fSli{is fi!ict){gjwiiScoig*ii:[5i«J;^ (+ 
1,-1) comtn-M 21t (- 1 , + 1 ) ®SI*Ti^ 2 2 

[0 0 3 01^1 mmm(D^mBii^eoMmM^i^^Bi 
ijit. mmvxm-tii. mz (a) co^oi^sA^f-ms- 

(b) (c^-rJ;dK:. s*«©]5S;^9-> 2(&s«cDfift^3':a 
[0 0 3 1] '^-wts^i^its m 1 izmTmmLm\7 

#SiJ y-iJUi^ — 08& 8 e> 6 {gMJScoj^SrJS'is tti* ^ 

[0 0 3 2] 2{&Mimo^^5-CD«^i^5JC®lt 

Igt^S'J 7 ^u^' -Sli^ 8 fcPftJnl-^ ;i i: J; t) ^St; @ 

[0 0 3 3] ^^fiifeS*^ 
Ui,^fi^cr)Ti^3te©fi!£^^i bT. (+2, ~1) ©S! 

#f^fc (-2, +1) (Dmm^t<DTmMtmiomiik 

HQ®:?;:*^^;' b 9 air*5V^Tf#6>n. (-2, + 

1) (DMm^iz (+1, -2) 

[0 0 3 4] m4:it:^%mom2mMmi^%^^^^^ 

i'V^Tf^. @^1§^«3BJ&tf»1^^«4B(*. ^1 
A^^s mi'^<Dmt^om<Dit (duty ratio) *SBS5 : 5 

= (1/2) xAx (i+2ni) X (1/| n-n 
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o I ) ts^^^nxv^s, 

[0 0 3 5] j^. mzmmmi^ii^^xii:. mimmmt 
!B)1t®Si5#Sl^"B]^Ff^fc-:'v^Tlis ^ 1 ^^i^?y w^© 

[0 0 3 6] ffil^3HH3»Ji;lsiax ^mi^u-v^l. <it 

it«fl^ WTl^S©^ V ^ L E D i :^ § Jte^i 1 *^ e. mtt^ 

^S3Bt»bTBSSlt^c:S-fRl*^6.WtX*rt"i>c 
|&'?*S3 Bi^:Al^b*:i>fcii^ ^@^|g?1S3B:fe®^b 

10 fc^s ^80 %® ^M*s± 1 ^©H^^te i: ^ !? s 0 
%©:)tem*^±3<^i:©llfT>tefc*&s «tD©:y6gi±±5ife 

[0 0 3 7] *|g2|IM^?!|{-*>V^Tii. 
©li©J:b^B&5 : 5 ^-j^$J!^4bTV^^fe^s?)s OikiDMiR^ 

(D^mit^mnx^ ^mi^n&x § s©t% ft S'J®7 -i 

ia^^St-5 3ii^<x 2(ef|g|^©m45-©tB±i© 
2 |IM<?'Jf:::feVNt ^i^!±iil 6 (Di^mm^ 8 ©#syfffi! 
iBgge O^telSfttB^T KAMI-S© &©5VNT-V^ So 

[0 0 3 8] zoii'^izm^t^z.t.izx^. msiz^ 

■tJ^^iZ. **?fe©^:S- (E!5 (a) ^#M) ©il-^© 

?f.m%^fifz. (115 (b) S:#m) o c:©»^> 6@M1 
^^©fig^aSS 1 ^3£^^J i: 8&|sl«® ^S^^iiJ* ^4 b ^ 

m.-t^z.iL^ii^xmmx^^. 

[0 0 3 9] a 6 tt*^Bj5©ii 3 mm\izm^^'¥^^:^ 

30 >3-^*©3ESgi5©#^4^bT43!9s i^^3?liS^JlC 
T tts IJ? 3 C « 4 C (i^n^ 

niE?£^Stlt»fW©ffi*S<&^*'ff bTV^ So 
[0 0 4 0] f^v ^3^»JC^5V^T{±. ^l||»!lil 

|lj»©W^;St/Il*T^f::-ov^T{±^ ^l*ffi^Ji;il]«® 
^^^MT c t C J; t) i^B^fi^BS-r S o 

[0 0 4 1] b:^i&?*i3 c?rxM^tifc?teii^@«i& 

T« 3 c i o Tis*©[i#f3fe^^*^aT ig*f o 
oite®ii#f5fe©^Kt oh-ri>^f4^i*v ^?®^;y^^ is 

40 S0<j iraiiijT^©e^© ^EiH^ J xw^n-r ^z.h t^x g 

So ^JiiSv ^2ilMl^J®E!:S!aWtS3BStK^iS!lSf 
^RSC-^iiElS (a) tC:^-rj:-5tc&IB®fi'a^G2fctJt 
G' ttJif$t)tiS®«H{;fet)s ta*S?fe3t**Sl&?©S 

G t-ffiia tr « 6. -l^- S «&^® S'C,» G' t ® F^©te*ill 
5fc«®igS A©l/2tc:3&St0 ?*3^{±ttl*r b ?5: < ^ S 
fc^^&^So C®a^®|S^d®^#*s{l) ^trs^l- 

[0 0 4 2] 08 (b) }CSt^iE5K^*&?T-}*ffi 

IB©«'t^(i^ IEK«l®fitffl^£^^^b-rSitGaUfG' ® 
50 ^$*i**-QTs 



(6) 



i|fSa¥6 - 4 2 9 8 1 



10 



mi} 



I n-no|(i-s]n 2xx/p)dx 



p 

2 
J 0 



dX 



= A|n-no| (1-^) 



[0 0 4 3] i:5B:So ■^bT. c:©OStJ«G' £D^$& 
^n^nA/4{c^U<f Sh. d= (1/2) xAx 
(1/ I n-no I) ^ (l"-2/;c) h^JJ^o 
[0 0 4 4] l£^^(D\hi::^i::0mMd^±$xi(Oi.vi:: 
fSts B^ll#t*E3C:ai^i&lltf^3C&il3iLfc 

0. 5 A^&ffl*^-rt^T2V'>m*)Sb^V>0i:^fci.o 

l*©ll#f^^i^l A^:^2lt'iaj|«A^^^fc5®T. IE 20 

[0 0 4 5] m9i±ii!imM<Dm4^mizm^^^^^ 
[0 0 4 6] ^4^ffii?ytc43v>T%s mims.mt 

-i^ c t: t3 J: !3 iS^B^j±#BS-r S <. 

[0 0 4 7] y^^i^mmizisv^x^. m2m&mtm so 

dit. d= Ax (1/1 n-no I ) t^feSc 
[0 0 4 8] =:ft^<Die*dS:±fB©<t-5l^?^igS,t'i> 

|l^|l]lTlR3DJ^t>'^i)[1^^3D%a3lL.fe0* 

^Aso. 5 A^&7£m4ffl-!)5,-fttTja-fe?ib^V-.0i:i5: 

So moilff5%«i A^«tt&=t=i4SM«tS® 40 

iltic:. H:ll?gt»t®fiS^S l*©ll#f^®0#f:^C-&a J; 

II4D©Ja^?T^n*3tS{ciS^f Si: 1 ifecDEIWi^©^ 

[0 0 4 9] i}:^. m2*Ste«?yi;i5l«s B^*&?M3D 
^ffijitfct lite©0DT3te?&#SiJia*f1R4Dfc:zgUfg. 

^i^l!jllW«4D^®5®$-«:Sci:tJ:'?. IS^StrHW 
ifS4DK:Mit:>&I^jfe (+1, -1) ©atf^feSlF (- 50 



oTH? (c) tC^-rJ;^^**^ifet3MbT2{$®JllSfe 

[0 0 5 0] iS. ±BB#^ffi«^Jt;*^VNTtts S^ElWIg 
3 A, 3B, 3C, 3D^iftW.im^. #li?lalff«4 
A, 4B, 4C, 4D^^?^1^ffigg6ffl!)tc^^^■^^^K«^ 
tlX^^^Tzifi. ZfliZiXX.-Z. ^®I11M4A, 4B, 4 
C, 4D^*^gl«K. ll^[i#f«3A, 3B, 3C. 
3 D ^3>te^[iiS6^C-€-*X'^niaS <tV^o 

[0 0 5 1] 

{::*i>te^-y-S«^L'>Xi:^iii;tTV^sfc». 0ife©|ll 

[0 0 5 2] sfe, @^iHiifM;!&'a^^i«iiiST*£*ajiiu 

:)^l|tt^cMb■r^^T-S-P5V^};#t^g&± 1 i*:©lEi#f3fe 

(conjugate wave) ^^t\^xm^^?>fc&^ ^MO'^S. 

^i!?-^^Sft©j[£As?3s m^mmmt^mmmm.^t(D 

[0 0 5 3] flS^gi5ffi©;a^A^i]>%V^©TS^ffi^C 

[0 0 5 4] $?,Cs ii^iiff«^;ay^i!?iiiif*ii£ra 

[0 0 5 5] lt^M2©^WJ::<^S^#iC3:^>3-^''{; 
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Ax (1 + 2 m) X (l/|n-no I) X^^^^m^ 

[0 0 5 6] lt*II 3®^?§tCf^§^#3S;^>r3~-^rt 
dAsd= (1/2) xAx (l/|n-no I) -r- (1 

[0 0 5 7] mmM4 0mM!>m^^^^^y=i-yiz 

3&J^**t^fe#UE.oUjt^fcOlS^dASd = Ax (l/| 

[0 0 5 8] ^fc. m^m2~4CD^Bmzm?>^^^3L 

^ *i^M^ef^ttT- § st)s Mi^&X ^ t ^js ^> 
Sfflt^ji-r 5 :i i: 
[|lB®mm'5;®iBj] 

[Hi] 3^%B;3©^l*ffi^Jic^5:^#SC:f^>=i-^?-o 
[S2] ±g2^1*SS<?«{-«S^^3C:i^>3-<5^CD®|HJ 



6-4 2 9 8 1 

12 

(b) i,m^m0m.mRi^2mmm<Dm.m't:miro 

(a) i±IS«*iOffe^K*>^CD«^^b. (b) 

CUT] ±mmBMm(Dtft^^^>^-^^(Dm^mm 

(a) ikmt^*^0X^^m:^m<7^Wim^^U (h) it 

2i^m'&(Dmi^mi-o 

[EI 8] ^wMcDm2mmm~m4mmwz^if^iim 
m,mmmmx^?>. 

o 

1 ^i^> 

2 3';;^-M^>X 

3 A, 3B, 3C, 3D M'^^J^m. 

4 A, 4b, 4c, 4d ^m^'I-m. 

5 m-^U-^X 

6 ^fcH^gl 

8 JiiSIS#sy7-^;v^7™ 




(8) 



mmW- 6-4 2 9 8 1 




<*i ,-1} 
CO , 0) 
(-1 



(0.0) 

(-1 
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ittpgip 6- 4 2 9 8 1 




^if^6-4 2 9 8 1 




